Structural analysis of metal ion ligation to nucleotides and nucleic acids using pulsed EPR spectroscopy.
Metal ions play key structural and functional roles in many nucleic acid systems, particularly as required cofactors for many catalytic RNA molecules (ribozymes). We apply the pulsed EPR technologies of electron spin-echo envelope modulation and electron spin-echo-electron nuclear double resonance to the structural analysis of the paramagnetic metal ion Mn(II) bound to nucleotides and nucleic acids. We demonstrate that pulsed EPR, supplemented with specific isotope labeling, can characterize ligation to nucleotide base nitrogens, outer-sphere interactions with phosphate groups, distances to sites of specific (2)H atom labels, and the hydration level of the metal ion. These techniques allow a comprehensive structural analysis of the mononucleotide model system MnGMP. Spectra of phenylalanine-specific transfer RNA from budding yeast and of the hammerhead ribozyme demonstrate the applicability of the methods to larger, structured RNA systems. This suite of experiments opens the way to detailed structural characterization of specifically bound metal ions in a variety of ribozymes and other nucleic acids of biological interest.